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FOREWORD 
This report was prepared by Pratt & Whitney Aircraft under Contract 
NAS8-5442 (Modification No. 4) Phase 111, "Investigation of Pressure Pre- 
diction Methods for Radial Flow Impellers," for the George C. Marshall 
Space Flight Center of the National Aeronautics and Space Administration. 
The work was administered under the technical direction of the Engine 
Systems Branch, Mr. Loren C. Gross, Program Manager. 
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This  r e p o r t  covers  t h e  f i rs t  q u a r t e r l y  r e p o r t i n g  pe r iod  from 
13 June  1965 t o  13 September 1965 of Phase I11 of C o n t r a c t  NAS8-5442, 
" I n v e s t i g a t i o n  of P r e s s u r e  P r e d i c t i o n  Methods f o r  R a d i a l  Flow Impe l l e r s . "  
During t h i s  r e p o r t i n g  p e r i o d ,  t h e  f i r s t  s i x  of  t h e  proposed f i f t e e n  tes ts  
were completed.  These tes ts  included smooth d i s k  tes ts ,  w i t h  and wi thou t  
an  i n l e t  hub, i n  water and l i q u i d  hydrogen, a smooth d i s k  r e v e r s e  flow 
t e s t  w i t h  hydrogen, and a h igh -p res su re  (650 p s i a )  l i q u i d  hydrogen smooth 
d i s k  t es t .  The d a t a  from t h e  f i r s t  f i v e  t e s t s  have been reduced and t h e  
r e s u l t s  a r e  d i s c u s s e d  i n  t h i s  r epor t .  Data from t h e  h igh -p res su re  t e s t  
a r e b e i n g r e d u c e d  and w i l l  be  presented  i n  t h e  n e x t  r e p o r t .  
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PROGRESS DURING CURRENT REPORTING PERIOD 
A. GENERAL 
Phase 111 of t h e  program i s  in tended  t o  complete and v e r i f y  t h e  
d a t a  c o l l e c t e d  du r ing  Phases I and I1 and t o  i n v e s t i g a t e  one a d d i t i o n a l  
c o n f i g u r a t i o n ,  t h a t  of a smooth d i s k  w i t h  a b laded  housing. The f i r s t  
fou r  tests,  two i n  hydrogen and two i n  water, were planned t o  de te rmine  
t h e  e f f e c t  of v a r i o u s  d isk- to-hous ing  c l e a r a n c e s  w i t h  and wi thou t  an i n l e t  
hub on t h e  smooth d i s k .  
T e s t  number f i v e  w a s  a l s o  conducted w i t h  a smooth d i s k  bu t  w i t h  t h e  
flow through t h e  t e s t  r i g  r eve r sed .  The p h y s i c a l  l i m i t a t i o n s  of t h e  
r i g  make i t  imposs ib l e  t o  o b t a i n  inward flow d a t a  a t  r a d i u s  r a t i o s  below 
u . ~  wider x r m a l  flcw c o n d i t i o n s .  The r e v e r s e  flow t e s t  a l lows  inward 
flow d a t a  t o  be  t aken  on t h e  back s i d e  of t h e  d i s k  a t  a r a d i u s  r a t i o  
down t o  0.5. 
n -  
T e s t  number 6 w i l l  p rov ide  informat ion  on p r e s s u r e  d i s t r i b u t i o n  
w h i l e  o p e r a t i n g  above t h e  c r i t i c a l  p r e s s u r e  of hydrogen (187.7 p s i a ) .  
I n  t h i s  test  t h e  i n l e t  p r e s s u r e  w i l l  be approximate ly  650 p s i a  com- 
pared  t o  an i n l e t  p r e s s u r e  of  about 90 p s i a  i n  p rev ious  tes ts .  
Three  tes ts  are  planned t o  complete t h e  i n v e s t i g a t i o n  of t h e  e f f e c t  
of t i p  blockage t h a t  s i m u l a t e s  t h e  overhang of t h e  hous ing  over  t h e  
d i s k .  The t h r e e  tes ts  w i l l  be  conducted a t  d i f f e r e n t  va lues  of t i p  
c l e a r a n c e .  
The l as t  series of tests w i l l  b e  conducted t o  i n v e s t i g a t e  a con- 
f i g u r a t i o n  i n  which a smooth d i s k  i s  used w i t h  a vaned housing. This  
c o n f i g u r a t i o n  should  produce a minimum p r e s s u r e  drop  a long  t h e  r a d i a l  
span  of t h e  d i s k  and could  be  employed where a h i g h  a x i a l  f o r c e  i s  
r e q u i r e d  t o  p r e s s u r e  ba l ance  a d i s k  o r  r o t o r .  
p lanned  i n  wa te r  and l i q u i d  hydrogen a t  v a r i o u s  d i sk - to -hous ing  
c l e a r a n c e s .  
Three tes ts  each a r e  
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The d a t a  accumulated i n  a l l  t h r e e  phases  of  t h e  program w i l l  t hen  
be combined i n t o  a F o r t r a n  I1 computer program s u i t a b l e  f o r  u se  on t h e  
IBM 7090 computer. With t h i s  program i t  w i l l  be  p o s s i b l e  t o  p r e d i c t  
t h e  d i s t r i b u t i o n  of  p r e s s u r e  f o r  any g iven  se t  of o p e r a t i n g  c o n d i t i o n s  
and geometr ies  w i t h i n  t h e  scope  covered by t h i s  program. 
A l l  of t h e  tests are  be ing  conducted i n  t h e  t e s t  r i g  shown i n  
f i g u r e  11-1. 
flow,and t h e  d a t a  are reduced as  descr ibed  i n  Reference  1. 
t h e  d a t a  r e d u c t i o n  invo lves  c a l c u l a t i o n  of  t h e  head d i s t r i b u t i o n  from 
t h e  t es t  d a t a ,  which i s  then  p l o t t e d  a g a i n s t  i m p e l l e r  r a d i u s  squared .  
The r a t i o  (K) of f l u i d  a n g u l a r  v e l o c i t y  t o  i m p e l l e r  angu la r  v e l o c i t y  
i s  computed from t h e  s l o p e  o f  t h e  head d i s t r i b u t i o n  curves .  Th i s  K 
v a l u e  can t h e n  be used t o  modify the  fo rced  v o r t e x  equa t ion  t o  de te rmine  
t h e  head r i se  f o r  a s imi l a r  c o n f i g u r a t i o n  a t  o t h e r  o p e r a t i n g  c o n d i t i o n s .  
Each c o n f i g u r a t i o n  i s  t e s t e d  over  a range of  speed and 
B r i e f l y ,  
A d e t a i l e d  d i s c u s s i o n  of t h e  conducted tes t s  i s  p resen ted  i n  t h e  
fo l lowing  paragraphs .  The tes t  cond i t ions  are summarized i n  t a b l e  11-1. 
1. I n l e t  Hub T e s t s  
Four  tests have been conducted,  two i n  hydrogen and two i n  water ,  
t o  f u r t h e r  i n v e s t i g a t e  t h e  e f h e c t  of a n  i n l e t  hub on t h e  smooth d i s k  
p r e s s u r e  d i s t r i b u t i o n .  One t e s t  i n  each  f l u i d  was conducted wi thou t  
a hub t o  r e e s t a b l i s h  t h e  b a s e l i n e  a t  a d i sk - to -hous ing  c l e a r a n c e  of 
0.057 i n .  F o r  t h e  second tes t s  i n  each f l u i d  a 1.00-in.  d iameter  hub 
w a s  i n s t a l l e d  i n  t h e  i n l e t  t o  the tes t  r i g .  I n  p rev ious  t e s t i n g  t h e  
a d d i t i o n  of  t h e  hub r e s u i t e d  i n  a change Iri K valuz  f e r  h s t h  f l u i d s .  
a n  i n c r e a s e  i n  K i n  hydrogen and a d e c r e a s e  i n  K i n  water; however, 
i n  the tests i n  Phase 111 no d i s t i n g u i s h a b l e  e f f e c t  w a s  no ted  w i t h  t h e  
a d d i t i o n  of t h e  hub i n  e i t h e r  f l u i d .  (See f i g u r e s  11-2 and 11-3.) I n  
a d d i t i o n ,  t h e  K v a l u e s  c a l c u l a t e d  from t h e  Phase 111 tes t  d a t a  wi thou t  
a n  i n l e t  hub were approximately 10% lower than  t h e  v a l u e  p r e d i c t e d  
based  on the p rev ious  t es t  r e s u l t s ,  Th i s  d i g f e r e n c e  i n  t e s t  r e s u l t s  
i s  a t t r i b u t e d  t o  t h e  f a c t  t h a t  s p e c i a l  Rosemount tempera ture  probes 
w e r e  i n s t a l l e d  i n  the hous ing  along t h e  r a d i a l  span  o f  t h e  d i s k  i n  an  
a t t e m p t  t o  de t e rmine  t h e  temperature  p r o f i l e .  
r e q u i r e d  s l o t s  i n  the hous ing  t h a t  cou ld  create l o c a l  d i s t u r b a n c e s  
These s p e c i a l  probes 
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a long  t h e  w a l l  r e s u l t i n g  i n  a reduced f l u i d  v e l o c i t y  a n d , t h e r e f o r e ,  K 
va lue .  The l o s s e s  c r e a t e d  by t h e  s l o t s  could  a l s o  mask o r  o f f s e t  t h e  
e f f e c t  of adding  t h e  i n l e t  hub. N e w  flush-mounted probes have been 
des igned  and w i l l  be  used on f u t u r e  tests.  
squa red  curves  from t h e s e  tes ts  a re  being compared w i t h  prev ious  t es t  
d a t a  i n  a n  a t t empt  t o  p i n p o i n t  t h e  reg ion  of h i g h  l o s s e s  and c o r r e l a t e  
the low l o s s  r eg ion  w i t h  prev ious  r e s u l t s .  
The head ve r sus  r a d i u s  
2 .  Reverse  Flow Test 
One tes t  was conducted i n  l i q u i d  hydrogen w i t h  f low d i r e c t i o n  through 
t h e  r i g  r eve r sed .  P r e s s u r e  measurements can  n o t  b e  t aken  on t h e  r e a r  
o r  inward f low s i d e  of  t h e  d i s k  below a r a d i u s  r a t i o  of approximately 
0.7 because  of t h e  l o c a t i o n  o f  the d i scha rge  manifold.  
F r e q u e n t l y , i n  pump d e s i g n s ,  p re s su re  d i s t r i b u t i o n  rnlust be  p r e d i c t e d  over  
areah w e l l  below a r.dil_is r a t i o  o f  0 . 7 ,  t hus  r e q u i r i n g  e x t r a p o l a t i o n  
of t h e  K v a l u e  from previous  d a t a .  By r e v e r s i n g  t h e  f low through t h e  
t es t  r i g ,  p r e s s u r e  measurements can be  ob ta ined  a t  a r a d i u s  r a t i o  of 
0.5 f o r  t h e  r a d i a l l y  inward f low cond i t ion .  
(See f i g u r e  11-1.) 
Values  of K ,  computed from t h i s  t e s t ,  are  shown p l o t t e d  ve r sus  
r a d i u s  r a t i o  i n  f i g u r e  11-4. The curve i s  i n  g e n e r a l l y  good agreement 
w i t h  a p r e d i c t e d  cu rve  from Phase I1 d a t a  down t o  a r a d i u s  r a t i o  squared 
of  0.4. The d i sk - to -hous ing  c l e a r a n c e  e s t a b l i s h e d  f o r  t h i s  t es t  was 
0.055 i n . ,  b u t  w i t h  t h e  f low reversed  t h e  t h r u s t  l oad  on t h e  r o t o r  was 
a l s o  r e v e r s e d ,  which would r e s u l t  i n  t h e  r o t o r  s h i f t i n g  forward by 
approximate iy  0.039 iii. Thereforej t h e  t es t  d a t a  w e r e  compared w i t h  
p r e d i c t e d  v a l u e s  f o r  a c l e a r a n c e  of 0.020 i n .  The p r e d i c t i o n  system 
f o r  t h i s  c o n f i g u r a t i o n  (smooth disk- inward flow) w i l l  be  modif ied t o  
r e f l e c t  the d a t a  ob ta ined  a t  t h e  lower r a d i i .  
3 .  High-pressure  T e s t  
T e s t  number s i x  o f  Phase 111 was conducted i n  l i q u i d  hydrogen w i t h  
t h e  smooth d i s k  a t  a n  i n l e t  p re s su re  of approximate ly  650 p s i a .  
o f  the  p rev ious  tes ts  had been conducted w i t h  t h e  i n l e t  p r e s s u r e  between 
90 and 100 p s i a .  
e f f e c t  on p r e s s u r e  d i s t r i b u t i o n  of o p e r a t i n g  i n  a d i f f e r e n t  p-v- t  r e g i o n  
A l l  
The h igh -p res su re  tes t  was planned t o  de te rmine  the 
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f o r  l i q u i d  hydrogen. The t e s t  was completed n e a r  t h e  end of t h e  r e p o r t i n g  
pe r iod  and t h e  d a t a  are  p r e s e n t l y  being ana lyzed .  Because of t h e  h i g h  
p r e s s u r e s  and low p r e s s u r e  r ise ac ross  t h e  f a c e  of t h e  d i s k ,  t h e  accuracy  
r e q u i r e d  i n  measuring d i s k  p r e s s u r e s  could  o n l y  b e  ob ta ined  by u s i n g  low 
range (0 t o  1 5  and 0 t o  25 p s i )  t r ansduce r s .  However, s e v e r a l  of t h e  
t r ansduce r s  on bo th  t h e  f r o n t  and r e a r  f a c e s  were over-ranged du r ing  
t r a n s i e n t s  and f a i l e d .  Loss of the  r ead ings  a t  t h e s e  s t a t i o n s  w i l l  
compl i ca t e  t h e  d a t a  a n a l y s i s .  
4.  Tip  Blockage T e s t s  
The tes t  r i g  i s  be ing  modi f ied  f o r  t h e  bladed d i s k  t i p  blockage 
tests and t e s t i n g  w i l l  begin l a t e  i n  September. Three t es t s  w i l l  be  
conducted a t  v a r i o u s  t i p  and d isk- to-hous ing  c l e a r a n c e s .  
The s p e c i a l  Rosemount type  146L tempera ture  senso r s  i n s t a l l e d  f o r  
t h e  tes ts  o f  Phase 111 t o  conf i rm the tempera ture  d i s t r i b u t i o n  w i L h  
l i q u i d  hydrogen were on ly  p a r t i a l l y  s u c c e s s f u l .  
s p e c i a l l y  des igned  t o  measure cryogenic  f l u i d  tempera tures  on t h e  
s u r f a c e  of a w a l l .  However, a ma jo r i ty  of  t h e  probes i n i t i a l l y  i n -  
s t a l l e d  f a i l e d  e a r l y  i n  t h e  t e s t i n g  due i n  p a r t  t o  t h e  method of i n -  
s t a l l a t i o n  and t h e  f r a g i l i t y  of t h e  probe. A new probe  des ign  t h a t  
p rov ides  improved s t r e n g t h  and s i m p l i f i e s  t h e  mounting w a s  i n c o r p o r a t e d  
i n  the h igh -p res su re  t e s t  and func t ioned  s a t i s f a c t o r i l y .  
These probes were 
Work on t h e  compi la t ion  of t h e  d a t a  from a l l  t h r e e  phases  i n t o  a 
F o r t r a n  11 computer program f o r  use on t h e  IBM 7090 computer has  been 
i n i t i a t e d .  
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SECTION 111 
PLANS FOR THE NEXT REPORTING PERIOD 
The following work is scheduled during the next report period: 
1. The tip blockage and bladed-housing tests will be completed. 
2. The formulation of the Fortran I1 computer program will be 
continued and should be 75% completed by the end of the 
period. 
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SECTION I V  
REFERENCE 
" I n v e s t i g a t i o n  of P r e s s u r e  P r e d i c t i o n  Method f o r  Rad ia l  Flow I m p e l l e r s , "  
FR-1276, P r a t t  & Whitney A i r c r a f t ,  March 1965. 
I V - 1  
